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Abstract 
The importance of skis that have optimal glide in ski competitions is significant, since the margin between success and failure is 
often just seconds. The ski base structure is one of the most important factors that affects the glide. The structure can be divided 
into a permanent grind and a manual structure made by a hand tool. The use of structure hand tools has increased during recent 
years. This method allows the skier to continue to use the same skis from race to race but with the possibility of having a 
different ski base structure to suit the conditions. However, this approach depends on a good method for resetting the manual 
structure after the first race. Experiments were performed to investigate methods for resetting the structure made by hand tools. 
Currently, the most common method is to melt in glide wax. This was shown to be satisfactory but, as full resetting is not 
necessarily achieved after one treatment, the use of an incubator or a hot box would be preferential. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
To achieve an optimal glide in cross-country skiing, it is essential to consider and understand the contributing 
factors to the tribosystem of ski base against snow. One major parameter of the frictional process is the ski base and 
how its structure affects the kinetic friction. Ski bases for cross-country skis are usually made of ultra high 
molecular polyethylene (UHMWPE). One of the advantages of UHMWPE is that its surface easily can be 
manipulated. Stone grinding is a common procedure to modify the ski base surface to achieve a variety of different 
structures. In recent years, there have been several studies [1, 2, 3] that have concentrated on the correlation between 
ski base structure and friction. Bäurle [1] described the importance of the relative real contact area between the ski 
and snow on the final coefficient of friction. Peil [2] investigated the characteristic gliding performance for various 
structures under different snow and weather conditions. The right structure in relation to the given snow conditions 
is one of the most important factors for the glide. Selecting the right structure can account for up to ten percent of 
the skis’ speed on snow [5]. 
The total ski base structure can be divided into a permanent structure made by grinding or scraping, and a 
manual structure that is made by a hand tool before each competition. The manual structure can be adapted 
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specifically to suit the exact snow conditions at the competition site. The other advantage of the manual structure is 
that it is pushed down into the ski base, creating an elastic deformation. After the competition, the imprint can be 
taken away again. This reset is important as the ski base will be ready for a new type of manual structure at the next 
competition.  
The purpose of this study was to find out whether the manual structure can be reset and how well it stays in place 
during a competition. The tests were based on two hypotheses related to mechanisms for removing the manual 
structure: the use of the skis (skiing) and preparation of the skis (thermal exposure - preparation). 
2. Methods 
The experiments were divided into two. The first were performed to test the skiing hypothesis at Gålå, a ski area 
that is about an hour north of Lillehammer, Norway. The tests of the preparation hypothesis were performed in a 
laboratory in Trondheim, Norway.  
In the first part, four Fischer RCS Carbon Lite Skating Plus skis (2009 model with a Fischer stone ground 
structure) were used. Each ski was manipulated by a different manual structure tool (SV1, SV2, SV3 and Swix 
T0401-1mm). Each ski was analysed at three defined spots; 0.4 m in front of the balance point (BP), at the BP and 
0.4 m behind the BP. The measuring points were marked on the ski. In both parts of the experiments, the ski bases 
were initially measured with a Ski Surface Analyser (SSA) by Optonor (Trondheim, Norway). The instrument and 
its functionality are described in detail by Moldestad [5]. The SSA calculates the arithmetic mean roughness, Ra of 
the area depicted. It can be defined by 
  
(1) 
where zi is a discrete set of surface height points of the ski base. The ski bases were also photographed through a 
microscope. After the initial SSA analysis, the ski bases were manipulated with the manual structure tools and 
different loads. The applied load was measured by two force gauges, which were placed under the waxing profile’s 
front and rear edge, respectively. After this and all subsequent steps, the skis and measurement points were 
repeatedly analysed with the SSA and photographed. 
In part one, all skis completed a total of more than 15 km, divided into 4 loops. Detailed weather and snow 
conditions are listed in Table 1. The skis were changed from the left to the right leg halfway through each loop. The 
average speed was 27 km/h. 
Table 1. Details of the 4 skating test loops. The track was freshly groomed and hard packed. The weather conditions were cloudy and stable. The 
skis were analysed with the SSA and photographed before, between and after each test loop.  
Loop Length Air Temp. Snow Surface Snow grain 
 [km] [°C] Temperature [°C] size [mm] 
1 3 -1.2 -0.6 0.2 – 0.5 
2 4 -1.2 -0.6 0.2 – 0.5 
3 4 -2.1 -1.6 0.2 – 0.5 
4 4 -2.1 -2.3 0.2 – 0.5 
 
Five skis were investigated for the second hypothesis. Two of these were the skis from the first test that were 
manipulated with SV1 and SV2. In addition, two Madshus Hypersonic skating skis (2006 model with a Madshus 7-4 
stone ground structure) and two Madshus Nanosonic HP skating skis, 2009 model with a Bjørn Myhre Sport 
(Krokstadelva, Norway) H0 stone grinded structure were used. In addition to the SV1- and SV2- manual structure 
tools, Red Creek (RC) 0/-10˚C and RC linear 1 mm were used. The manual structures were applied with different 
loads at room temperature, on both heated / newly glide-waxed skis and on not newly glide-waxed skis. The newly 
glide-waxed skis had been waxed within the previous 2 hours. Those not newly glide-waxed had their last waxing 
more than 2 days prior to testing.  
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The effects of the following ski base treatments were tested: 
• Incubator / hot box with Swix HF8 glide wax (four hours at 57˚C). 
• Waxing at 165˚C with topping powder (Toko Streamline Nordic 0/-15˚C 100 % Flour) applied with a Swix 
waxing iron. 
• Waxing at 120˚C with glide wax (Swix HF8) applied with a Swix wax iron. 
All points were measured and photographed before and after the preparation. In addition, two pair of skis were also 
analysed and photographed before and after a period of 38 days. The skis were kept untreated during this time, 
without protective wax. The temperature ranged from -10˚C to +20˚C. 
3. Results 
In total, the average change of roughness by manual structure imprint was +0.148 μm with average added force 
equal to 332.7 N. The average change in roughness of the treatments "topping powder", "glide wax", "incubator", 
"time" and "skiing" was -0.040 μm. 
The test with hand tool RC 0 / -10˚C with a force equal to 213.9 N gave the least change in roughness  
(+0.025 μm), with the exception of one test, where there was less roughness after adding the manual structure 
(measurement error). The test with RC 0 / -10˚C and force equal to 213.9 N was the test with the lowest force used 
in the experiment, and the ski base was not newly glide-waxed. The hand tool RC linear 1 mm with an applied force 
of 372.8 N gave the largest change in roughness (+0.294 μm). The test ski in this case was newly glide-waxed when 
the manual structure was added, and the force applied was the second highest used in the experiment. The trend 
appears to be increased roughness results when higher forces are applied, and that greater roughness can be expected 
after manual structure imprint on newly glide-waxed skis than on not newly glide-waxed skis. The average changes 
given by the respective hand tools are shown in Table 2. 
Table 2. Results measured in change of Ra when using the imprint hand tools. 
Imprint hand tool Average change 
in Ra after use 
Average 
used force 
Effectiveness 
change per N 
SV1 +8 % 265.9 N 0.029 % / N 
SV2 +1 % 302.1 N 0.004 % / N 
RC 0 / -10˚C +5 % 285.5 N 0.019 % / N 
RC linear 1 mm +12 % 372.8 N 0.033 % / N 
    
The change in roughness when melting in topping powder at 165˚C was measured, on average, to be -0.029 μm. 
Some of the test results showed illogically high positive changes. Once these results were excluded, the average was 
-0.133 μm. The average Ra when melting in glide wax at 120˚C was measured to be -0.082 μm. The average when 
using the incubator at 57˚C for four hours was -0.041 μm. On the skis that went 38 days without treatment or 
protective wax in the temperature range -10˚C to +20˚C, the Ra average change was -0.378 μm. However, once 
again one outlier needed to be excluded, and without it the average was -0.265 μm. 
Table 3. Reset methods and their effect on the manual structure. 
Resetting method Average reset of the manual 
structure after one treatment 
Effectiveness 
change per time (1 minute) 
Melting in topping powder 56 % 11.17 % / min. 
Melting in glide wax 32 % 10.77 % / min. 
Glide wax and incubator 57 % 0.24 % / min. 
Time (38 days) 179 % 0.003 % / min. 
3 km skiing 10 % 1.13 % / min. 
4 km skiing 28 % 2.30 % / min. 
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After 3 and 4 km skiing, the change in roughness on average was -0.057 μm, and -0.001 μm, respectively. Once 
the clearly erroneous measurements were excluded for the 4 km analysis, the average was -0.034 μm.  
The trend implies a greater change from preparation with high temperatures than with low temperatures. 
Roughness for added manual structure will decrease with time and physical impact. The average changes after the 
respective reset-treatments are shown in Table 3. 
4. Discussion 
In order to compare the tools and their ability to provide a good imprint, the percentage change in roughness of 
the structure per force unit (1 N) was calculated (see Table 2). The results indicated that the RC linear 1 mm was the 
tool that gave the most change per force unit (0.033 % / N), while the SV2 gave the least change per force unit  
(0.004 % / N). The RC linear 1 mm tool is often used during warm snow conditions, while SV2 is a tool for cold 
conditions. These results support the practice that more structure is needed during the warmer and softer snow 
conditions. It is evident that the change of roughness is greatly influenced by whether the skis have been newly 
glide-waxed or not. Using the RC linear 1 mm in both tests, the change was 6 % on a not newly glide-waxed ski 
(with 375.7 N applied force) as opposed to 12 % on a newly glide-waxed ski (with 372.8 N applied force). This is a 
significant difference that should be taken into account when using structure hand tools. If a ski technician wants a 
given embossing with a manual structure, he or she must take into account both what tool is used and whether the 
ski base has been newly treated or not. 
 
By resetting methods, "time" was the method that gave the most reset of manual structure (179 % reset). The 
measurements before and after a period of 38 days were done in two different premises. Therefore there is a 
possibility that the structure has changed somewhat in the period because of ski transportation. The method that 
gave the least percentage of reset was 3 km skiing (10 % reset). These results only consider the final reset result 
without considering the time used for each treatment. When looking at efficiency, clearly the “time method” was not 
the most time efficient, with a rate of 0.003 % resetting per minute (see Table 3). The most effective method was to 
melt in topping powder at 165˚C (11.2 % / min), which in turn was just slightly more efficient than melting in glide 
wax at 120˚C (10.8 % / min). However, the duration of these treatments can vary dependent on the ski technician 
and for each individual, it can vary from day to day. Therefore the times used here to calculate efficiency were 
estimates (5 and 3 minutes for topping powder and glide wax, respectively). The length of time for 3 km and 4 km 
of skiing was rounded to 9 and 12 minutes, respectively. 
 
These results indicate that the common practice of melting glide wax at 120˚C is a good and efficient method. 
Because high temperatures on the ski base can destroy it and form surfaces similar to cellulites, it is recommended 
that a glide wax treatment at 120˚C be used instead of topping powder treatment at 165˚C. In terms of cost, the glide 
wax treatment is much more reasonable than the topping powder treatment. The effectiveness of resetting in the 
incubator was 0.24 % / min in the experiment, where the duration of the treatment was considered to be four hours 
in the incubator plus 3 minutes added for melting in glide wax. Since the ski technician is not concerned with the 
reset as long as the ski is in the incubator, one can also consider the duration of this method to be equal to the time 
just spent on melting in glide wax. Resetting in the incubator tests was measured as 57 %. Resetting when only 
melting in glide wax was measured as 32 %. Therefore, if the ski technician has until the next day to clear the ski 
base, it would be most effective to use the incubator method. 
 
In the introduction it was emphasized how important it is that the skis are reset before the next race. But in the 
experiments, only the reset method "time" (38 days) gave ≥ 100 % reset of the change in roughness caused by the 
structure hand tools. Since the method of "time" is too inefficient, we need to look at other methods. Of those, the 
incubator and glide wax showed a small advantage over the topping powder. However, it remains an open question 
as to how close to the starting point the roughness in the ski base structure has to be, before, in practical terms, it can 
be considered fully reset. A better answer could be provided through a more thorough test protocol that shows the 
error margins of the measurements, along with a practical field test that gives the glide difference. 
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Fig. 1. Sketch of the resetting process. 
The reset methods can be divided into groups dependent on their main focus; heat, time and physical impact. The 
heat methods (topping powders, glide wax and the incubator) were shown to have the greatest impact. Physical force 
was shown to have the next largest effect, ahead of time. 
 
In the experiments, roughness was measured in Ra over a given area (50 to 70 mm
2). A Ra - measurement is 
currently the most common measurement value for roughness in ski bases, but it still does not give the full picture of 
the roughness. Some structures may have different forms and still provide the same Ra value. When using the 
manual structure, it will change the structure in such way that it almost always changes the Ra value, as 
demonstrated by the results of our experiments. The resetting could have alternatively been evaluated by comparing 
the topography lines at the same place across the manual structure. The area A in Fig. 1, between the topography 
lines at the grooves, should increase from zero to a positive value after adding manual structure, and then return to 
zero when reset. 
5. Conclusion 
The major finding in the present study was that there is a large difference in change in roughness between the 
various resetting methods. 
• Temperature is the most important factor for resetting. 
• The best method for resetting the ski base in the experiments performed was the method "time" (38 days without 
treatment) which gave more than 100 % reset. The second best method was the use of an incubator. 
•  The most effective method of resetting in the experiments was to melt in topping powders, with 11.17 % reset 
per minute. 
In the experiments, the structure hand tools gave, on average, an increased roughness in the ski base equal to 6 % 
compared to the permanent stone ground structure. 
If the risk of destroying the ski base is taken into account, melting in glide wax and using an incubator will be the 
best and most effective method to clear the manual structure. One glide wax treatment is not enough to provide a 
complete reset. The percentage of reset that is necessary for the ski base to be cleared in practice may still be an 
open question, but it can currently be determined that multiple treatments improve the resetting. 
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